In veterinary medicine, sensitive and specific markers of the early stages of renal failure still remain to be established. Podocytes could be a promising diagnostic tool in veterinary nephrology, especially in the differentiation of active pathological disease and glomerulopathies. Podocin is one of the robust proteins exploitable in detection of podocyturia. This article presents podocyte detection in urine for diagnostic purposes in veterinary medicine using a variety of methods. We describe the advantages and disadvantages of the immunohistochemical technique currently used, and of scanning microscopy, chromatography, and immunostaining. The identification of podocin-positive cells is a promising diagnostic tool in the detection of the early stages of glomerular basement membrane damage. The detection of renal failure prior to the occurrence of azotaemia is of high clinical importance from the clinical and scientific points of view.
Introduction
Chronic kidney disease (CKD) is a major cause of morbidity and mortality in dogs and cats. The prevalence of CKD has been estimated to be 0.5-1.0% in dogs and 1.0-3.0% in cats. Epidemiological studies show that the incidence of CKD increases with age, especially in cats. Nephron damage associated with CKD is usually irreversible and often progressive. The disease affects 10-25% of dogs and cats > 10 years old in referral institutions and 30-50% of cats 15 years of age or older (10, 14, 23) . In human medicine the lower limits of the ranges are higher with 11.7-15.11% of people suffering from CKD and 35% of people over 70 years old (12) . This discrepancy suggests that the prevalence in veterinary medicine is underestimated because of a lack of known sensitive and specific markers of the early stages of renal injury. Since the inception of the International Renal Interest Society (IRIS) staging of CKD and acute kidney injury (AKI) (14) grading systems to categorise and stratify kidney disease in animals, there has been confusion over and misunderstanding of the value and clinical utility of the early (non-azotaemic) categories described there (8) . Podocytes can be a potentially helpful tool in diagnosing kidney injury at the beginning of the illness.
Podocytes are a key element from the point of view of selective plasma filtration and primary urine production, because they build the visceral lamina of the glomerular capsule (24) . Long primary and secondary processes, also known as foot processes or pedicels, exit the podocyte cell body. The primary process of podocytes contains podocin, a 42 kDa protein (2) . Podocin binds to the cytoplasmic part of nephrin and CD2AP protein and together with them maintains important podocyte functions, i.e. survival, proliferation, differentiation, and construction of the cytoskeleton (14, 24). Pathological processes that occur in the kidneys cause podocyte tearing and excretion, elevating the urinary podocyte content (11, 30 (4, 30) . In addition, the loss of podocytes is a sustained process (self-expanding process); because the lost podocytes do not regenerate, the remaining podocytes must be enlarged to cover the basement membrane, and this mechanism leads to irreversible scarring of the glomerulus (6) . Several studies reported that loss of podocytes (podocytopenia) is correlated with the development of glomerulopathy (28) .
The podocin-positive cells detected in humans with glomerulonephritis included not only podocytes of the glomerular basement membrane, but also parietal glomerular epithelial cells (PEC) and proximal tubule epithelial cells (PTEC) (1) . However, the majority of podocin-positive cells were podocytes rather than PEC or PTEC (1) . Moreover podocyturia correlated in humans with a reduction of glomerular filtration rate and renal failure (16) . The most interesting finding was the discovery that podocyturia correlated positively with the active inflammation process -hence it is a unique marker that allows active kidney disease processes to be distinguished from inactive ones (11, 19, 31) . Proteinuria, unlike podocyturia, occurs in both active kidney disease and in its chronic form, and is therefore a less sensitive marker of kidney disease processes (14).
Podocyte testing may be based on their determination using a commercial test. The advantages of the test are easy accessibility and cost-effectiveness. The antibodies detected in ELISA may be a useful tool in the diagnosis of acute and chronic glomerular failure in dogs, as well as in monitoring the progression or regression of the disease. In addition, podocytes may be useful in the diagnosis of renal or non-renal proteinuria. While the podocyte number depends on concentration of urine, the results should be correlated with urinary creatinine in order to assess urine density (especially in patients with polyuria and polydipsia).
Podocin (rabbit anti-human podocin antibody, Sigma-Aldrich, USA.) was also used to identify podocytes in the histopathology probe of dog kidneys (13, 17, 27) (Fig. 1) .
Canine-specific podocin sequences were found that could potentially be used for the production of laboratory tests for canine-specific primers for podocyte gene products (9) and canine podocin ELISA (MyBioSource, USA) and canine antibodies (Abexxa, UK) (Fig. 1) . The assessment of the number of podocytes in histopathological preparations is difficult and does not seem to be very practical in clinical settings. Fig. 1 . A histopathological assessment of the kidney of a dog without blood azotaemia, suffering from cardiac insufficiency due to severe stage Da mitral endocardiosis according to the ACVIM classification (9) a -H-E stained section. Interstitial, lymphocytic inflammatory infiltration (black arrow) and glomerular hyalinosis and atrophy (white arrow) are visible; b -the immunohistochemical reaction in the kidney section of the same dog, using polyclonal rabbit anti-nephrin antibody (cat no. abx019258, Abexxa, UK, 1:200 dilution). A weak reaction indicates podocyte damage; c -a weak immunohistochemical reaction indicating podocyte damage, using polyclonal rabbit anti-podocin antibody (cat no. abx019257, Abexxa, 1:400 dilution). The sections were washed with Dako Wash Buffer (10×) (product code S3006, Agilent, USA). The Peroxidase/DAB+ Rabbit/Mouse Dako Real EnVision Detection System was used to visualise the immunohistochemical reaction (product code K8006, Agilent). The microphotographs of the studied sections come from our own research and were subjected to computeraided image analysis using cellSens software (Olympus Soft Imaging Solution GmbH, Germany) coupled with an optical Olympus BX53 microscope equipped with a ColorView IIIu digital camera (Olympus, Japan) a b c Fig. 2 . Multiple reaction monitoring (MRM) chromatograms for the analysis of an H-AAEILAATPAAVQLR-OH peptide, which is a fragment of canine podocin in urine sediment. The retention time of 3.78 min corresponds to the studied compound. The presence of an additional signal at 3.32 min is associated with the presence of cis-trans isomerism of the proline residues (29) In general, urine examination allows the detection of kidney damage prior to the occurrence of clinical signs, the assessment of the degree of kidney damage, and the identification of the pathological processes occurring in the kidneys, without the need for a kidney biopsy. Owners of animals suffering from or suspected of having kidney diseases are usually very reluctant to give consent to a veterinarian's anaesthetising the patient and performing a kidney biopsy. Their concerns are related to the possible complications of this invasive procedure. Very rarely, histopathological examination is performed from a removed kidney, because it is not a popular method in veterinary medicine. Moreover, some patients have contraindications for kidney biopsy (22) .
A promising method to determine podocytes of canine and feline urine and tissue samples seemed to be real-time reverse transcription PCR. Podocin was assessed by RT-PCR examination using the canine NPHS2 XM_547443 forward primer 5′-GCCCAAGATCTAAAGGTTGC-3′ and reverse counterpart 5′-ACAGCCAGTGAGTGCTGAAG-3′ (predicted size 116 bp) and feline forward and reverse primers 5′-CTGTGAGTGGCTTCTTGTCCTC-3′ and 5′-GGAAGCAGATGTCCCAGTCG-3′ (predicted size 132 bp). The result was disappointing. There was no difference in podocin expression in urine samples or in the kidney tissue taken from healthy dogs and dogs suffering from kidney disease (13) .
Another method for recognition of podocytes using podocin was liquid chromatography coupled with mass spectrometry (LC-MS). It has recently become the method of choice in the analysis of protein mixtures in urine due to its sensitivity and accuracy, making the analysis of complex biological samples possible (20, 25) . Identification of compounds was based on molecular masses of protein biomarkers and their fragments obtained in tandem mass spectrometry (MS/MS) or multiple reaction monitoring (MRM mode).
The major advantage of spectrometry in protein biomarker investigation in comparison to the immunochemical methods is the possibility of analysis of many biomarkers in one experiment. Additionally, there is no need for antibody generation. Moreover, direct analysis of known compounds using MRM mode provides higher sensitivity and selectivity and allows fine-tuning of an instrument to search for the compound of interest and its fragment ion (26) . This approach allows for the detection of low-abundance molecules in highly complex mixtures. Additionally, targeted analysis using MRM mass spectrometry enhances the detection limit for peptides and allows continuous and fast monitoring of the specific ions of interest. The unquestionable advantages of the MRM method are its time-effectiveness, complete procedure automation, high sensitivity, precision, and repeatability (3). Multiple reaction monitoring (MRM) chromatograms for the analysis of an H-AAEILAATPAAVQLR-OH peptide, which is a fragment of canine podocin in urine sediment, are presented in Fig. 2 (29) .
However, the basic limitation of this method is the availability of MRM. At the time of writing, it seems that the small number of these devices and the cost of the test may be limiting factors on the method's use in practice. The results in humans show some minor physiological podocyturia (31) . It is not clear if this phenomenon exists in dogs and cats, or if it is present, what its impact on the MRM results is.
Podocytes may be a useful tool in the diagnosis of acute and chronic glomerular failure in dogs, as well as in monitoring the progression or regression of the disease. In addition, podocytes may be exploitable in the diagnosis of renal or non-renal proteinuria. Accurate quantification of changes in the number of podocytes is recommended, however, no specific and useful marker has been identified to date that enables a podocyte count (5) .
Previous studies indicate that podocytes are less useful in diagnosing kidney disease in cats than in dogs. This is related to the species-specificity of the particular kidney disease -primary glomerular disease was detected very seldom in cats, because most with chronic kidney disease had tubulointerstitial pathologies (14). Lesions of glomerulosclerosis were relatively mild and overshadowed by tubulointerstitial lesions (6) . In contrast to cats, most dogs suffer from glomerular injury (7) , and glomerular disease is estimated to afflict about 52% of dogs (18) . In veterinary medicine, primary glomerulopathies are defined as those nephropathies that arise with involvement of glomeruli in the processes that initiate renal injury, regardless of their pathologic mechanisms, whereas secondary glomerular changes occur after renal tubular or whole nephron damage. In contrast, in human medicine, the term "primary glomerular disease" connotes disease which primarily involves the kidney and "secondary glomerular disease" means a disease in which kidney involvement is part of a systemic disorder (14) .
Despite all doubts, the diagnostic value of podocytes in veterinary medicine is promising, especially in the context of differentiation of the active and inactive forms of glomerular injury. Each biomarker of active glomerular injury has the potential to augment the canon of knowledge of chronic kidney disease, as a possible means for its early identification and mediator of its progression. The detection of renal failure prior to the occurrence of azotaemia is of high clinical importance, as the clinical signs of renal failure, such as elevated levels of serum urea and creatinine are present only at an advanced stage of kidney damage. The implementation of podocyturia testing in routine dog and cat urinalysis may reveal asymptomatic patients at an early stage of CKD or AKI. The apparent difference in the incidence of CKD and AKI between humans and pets may partly be caused by an underestimation of CKD due to inaccurate diagnosis of early kidney damage. Podocyturia may be the first detectable indicator in dogs and cats of kidney failure due to damage of the glomerular basement membrane.
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